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Ruth Sellers, PhD, Anita Thapar, FRCPsych, PhD, Stephan Collishaw, PhDObjective: Offspring of mothers with depression are a
high-risk group for the development of suicide-related
behavior. These offspring are therefore a priority for pre-
ventive interventions; however, pathways contributing to
risk, including speciﬁc aspects of offspring psychopa-
thology, remain unclear. The aim of this study was to
examine whether offspring symptoms of major depressive
disorder (MDD), generalized anxiety disorder (GAD),
disruptive behavior disorder (DBD), attention-deﬁcit/
hyperactivity disorder (ADHD), and alcohol abuse inde-
pendently mediate the association between maternal
depression and offspring suicide-related behavior.
Method: Data were used from a population-based birth
cohort, the Avon Longitudinal Study of Parents and
Children (ALSPAC). Three distinct classes of depression
symptoms across the mothers’ ﬁrst 11 years of their child’s
life were identiﬁed (minimal, moderate, chronic-severe).
Offspring psychopathology was assessed at age 15 years
and suicide-related behavior at age 16 years. Data were
analyzed using structural equation modeling.Clinical guidance is available at the end of this article.
Supplemental material cited in this article is available online.
OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
E 54 NUMBER 5 MAY 2015Results: There was evidence for increased risk of suicidal
ideation in offspring of mothers with chronic-severe
depression symptoms in comparison to offspring of
mothers with minimal symptoms (odds ratio ¼ 3.04, 95%
CI ¼ 2.19, 4.21). This association was independently
mediated by offspring MDD, GAD, and DBD symptoms.
The same mechanisms were found for offspring of
mothers with moderate depression symptoms over time.
Results were similar for offspring suicide attempt except
for additional evidence of an indirect effect through
offspring ADHD symptoms.
Conclusion: Findings highlight that suicide prevention
efforts in offspring of mothers with depression should not
only be targeted at offspring with MDD; it is also impor-
tant to consider offspring with other forms of
psychopathology.
Key Words: suicide-related behavior, ALSPAC, maternal
depression, psychopathology
J Am Acad Child Adolesc Psychiatry 2015;54(5):385–393.t is well established that offspring of mothers with
depression are at increased risk for the development ofI suicide-related behavior1 and are therefore a priority for
preventive interventions. However, the reasons why they
are at increased risk, including the role of speciﬁc aspects
of offspring psychopathology, remain unclear. Offspring of
mothers with depression are at increased risk for a
range of mental health problems (including depression,
anxiety, disruptive behavior disorders, attention-deﬁcit/
hyperactivity disorder (ADHD), and alcohol abuse),2,3 and
there is some evidence that each of these disorders is asso-
ciated with both suicidal ideation and suicide attempt in
adolescence.4-7 Studies have consistently shown that
depressive disorder is associated with suicide-related
behavior when taking account of other psychopathology5,6;
however, ﬁndings as to whether the effects of otherdisorders are independent of depression and each other have
been inconsistent. A recent national survey of US adoles-
cents6 found no independent effect of generalized anxiety
disorder (GAD), assessed retrospectively, on suicide-related
behavior in adolescents. However, a longitudinal sample of
adolescents7 found that GAD was associated with later
suicide-related behavior after adjusting for the presence
of other psychopathology. Findings for substance abuse
have also been inconsistent, with some studies showing an
association with suicidal ideation6 and others only with
suicide attempt.4,5 ADHD has generally been combined with
other disruptive behavior disorders,4,5 meaning that it is
difﬁcult to draw conclusions about the independent effects;
however, the national survey of US adolescents6 examined
the disorders separately and found an independent effect
of oppositional deﬁant disorder (ODD) on later suicidal
ideation but that ADHD was associated only with the
transition from ideation to attempt.6 Previous studies,
however, have not fully taken account of the co-occurrence
of offspring psychopathology by examining the effects of
each disorder while adjusting for covariance between
them. Given the evidence that disorders tend to co-occur in
adolescents8 and that high levels of comorbidity are associ-
ated with suicide,9 taking account of this co-occurrence iswww.jaacap.org 385
HAMMERTON et al.important to examine the independent effects of speciﬁc
aspects of offspring psychopathology.
Longitudinal studies examining the inﬂuence of maternal
depression on offspring suicidal ideation have found that
adjustment for offspring depression symptoms did not fully
account for risk effects10,11; however, the mediating role of
other types of offspring psychopathology has rarely been
investigated. One longitudinal case-control study using
Swedish inpatient care registers found that the association
between maternal affective disorder and offspring suicide
attempt was attenuated, although still present, when
adjusted for whether offspring had been hospitalized
because of psychiatric disorder.12 A cross-sectional study
found a similar pattern of results when examining suicidal
ideation and suicide attempt in adult offspring of parents
with depression, with adjustment for the presence of lifetime
offspring psychiatric disorder.13 However, more research is
needed to examine the relative or differential importance of
speciﬁc types of offspring psychopathology in explaining the
association between maternal depression and subsequent
offspring suicidal ideation and suicide attempt in adoles-
cence. This is important, given that offspring of mothers
with depression show a broad range of psychopathology. In
addition, it is an essential ﬁrst step to establishing whether
treating speciﬁc symptoms in offspring of mothers with
depression is likely to lead to a reduction in suicide-related
behavior. There is evidence that more chronic and severe
symptoms of maternal depression have a greater impact on
offspring development,14 highlighting the importance of
testing mechanisms for this group. However, it is not known
whether risk mechanisms’ underlying links with offspring
suicide-related behavior vary by maternal depression
severity.
Therefore, the present investigation uses a large popula-
tion cohort to examine how much of the association between
differing levels of maternal depression symptoms, over the
ﬁrst 11 years of their child’s life, and later offspring suicidal
ideation and suicide attempt is explained by proximal
offspring psychopathology, including symptoms of major
depressive disorder (MDD), GAD, disruptive behavior
disorder (DBD), ADHD, and alcohol abuse.METHOD
Study Sample
Data were used from a large UK birth cohort study: the Avon
Longitudinal Study of Parents and Children (ALSPAC). The cohort
was set up to examine genetic and environmental determinants of
health and development.15 The core enrolled sample consisted of
14,541 pregnant women resident in the former county of Avon,
United Kingdom, who had an expected date of delivery between
April 1, 1991, and December 31, 1992. Of the 14,062 live births,
13,617 were singletons and were alive at 1 year of age. The sample is
broadly representative of the UK population; however, mothers
enrolled in ALSPAC were more likely to live in owner-occupied
accommodation and to have a car, more likely to be married, and
more likely to be white.16 Parents and children have been followed
up regularly since recruitment via questionnaire and clinic assess-
ments. All adult participants gave informed consent, and ethical
approval for the study was obtained from the ALSPAC Ethics and386 www.jaacap.orgLaw Committee and the local research ethics committees. Further
details on the sample characteristics and methodology have been
described previously,15,16 and detailed information about ALSPAC
can be found on the study website (http://www.bristol.ac.uk/
alspac). Information on all available ALSPAC data is available on
the fully searchable data dictionary (http://www.bris.ac.uk/
alspac/researchers/data-access/data-dictionary).
Measures
Maternal Depression Symptom Trajectories. Maternal depression
symptoms were assessed at 10 time points (from 18 weeks’ gestation
to child age 11 years) using the Edinburgh Postnatal Depression
Scale (EPDS).17 In a prior analysis using this dataset, latent class
growth analysis was used to identify qualitatively distinct patterns
of depression symptoms in mothers over time. Further details on the
derivation and validation of classes are given in Supplement 1 and
Table S1, available online. For the purposes of these analyses, 3
trajectory classes of depression are compared: mothers with chronic
and severe levels of symptoms (“chronic-severe”), those with
subthreshold but sustained depression symptoms over time
(“moderate”), and those with very low levels of depression symp-
toms (“minimal”). Approximately 40% of the sample belonged to
the minimal class, 55% of the sample belonged to the moderate class,
and 5% of the sample belonged to the chronic-severe class. In all
analyses, the minimal class is treated as the reference group.
Table S2 (available online) shows mean depression symptoms at
each assessment for mothers in each of the groups.
Offspring Suicide-Related Behavior. Suicide-related behavior at age
16 years was assessed via a self-report postal questionnaire.18 Par-
ticipants were classiﬁed as having a lifetime history of suicidal
ideation if they responded positively to either of the following
questions: Have you ever found yourself wishing you were dead
and away from it all? Have you ever thought of killing yourself,
even if you would not really do it? The present investigation focuses
on children who reported suicidal ideation in the previous year only
(78% of those who reported lifetime suicidal ideation by age
16 years) to preserve the time ordering of the analysis. History of
suicidal ideation at age 11 years was assessed using the childhood
interview for borderline personality disorder with the question,
Have you thought about killing yourself?
Secondary analyses investigated speciﬁc associations with life-
time history of suicide attempt by age 16 years. Participants were
classiﬁed as having a lifetime history of a suicide attempt if they
endorsed the following question: On any of the occasions when you
have hurt yourself on purpose, have you ever seriously wanted to
kill yourself? Participants were also included if they reported
“I wanted to die” as a reason to explain why they hurt themselves
on purpose on the most recent occasion.
Possible Mediating Variables: Offspring Psychopathology. Offspring
psychopathology was assessed using the Development and Well-
Being Assessment (DAWBA)19 parent and child versions. The
DAWBA is a semi-structured interview consisting of questions
about child mental health symptoms and their impact. Different
time spans are used across the DAWBA sections to follow DSM-IV
criteria. At age 15 years, parent versions of the DAWBA were used
to assess symptoms of DBD (ODD over the past 6 months or
conduct disorder over the past year) and symptoms of ADHD over
the past 6 months. Child versions of the DAWBA were used to
assess symptoms of MDD over the past month and symptoms of
GAD over the past 6 months. Each DAWBA section consisted of
20 to 25 questions that followed the diagnostic criteria operational-
ized in the DSM-IV or ICD-10. Continuous symptom scores were
derived from the sum of all symptom items within the relevant
section of the DAWBA. Symptoms of alcohol abuse over theJOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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TABLE 1 Univariable Logistic Regression Analyses Between
Each Class of Maternal Depression Symptoms in Comparison
to Minimal Class (Reference Group) and Offspring Symptoms
of Psychopathology (as the Exposures) and Offspring Past-Year
Suicidal Ideation at Age 16 Years as the Outcome
Exposures OR (95% CI)
Maternal depression class
Minimal Reference group
Moderate 1.51 (1.30, 1.75)***
Chronic-severe 3.04 (2.19, 4.21)***
Offspring psychopathology
MDD symptoms 2.22 (1.99, 2.48)***
GAD symptoms 1.83 (1.67, 1.99)***
DBD symptoms 1.50 (1.38, 1.63)***
ADHD symptoms 1.26 (1.14, 1.38)***
Alcohol abuse symptoms 1.38 (1.27, 1.51)***
Note: Imputed N ¼ 10,559. ADHD ¼ attention-deficit/hyperactivity disorder;
DBD ¼ disruptive behavior disorder; GAD ¼ generalized anxiety disorder;
MDD ¼ major depressive disorder; OR ¼ odds ratio.
***p  .001.
PATHWAYS TO SUICIDE-RELATED BEHAVIOR IN OFFSPRING OF DEPRESSED MOTHERSlast 2 years were assessed at the same time point using questions
taken from the Semi-Structured Assessment of the Genetics of
Alcoholism interview that correspond relatively well to DSM-IV
criteria for alcohol abuse and dependence.
Potential Confounders. Potential socio-demographic and familial
confounding factors assessed in pregnancy were chosen based on
evidence from previous literature.20,21 Maternal questionnaires
completed during pregnancy were used to assess housing tenure
(owned versus rented), marital status (married versus single),
maternal level of education (below O-level, O-level, or above
O-level, where O-level denotes completion of secondary schooling),
self-reported psychiatric disorder before pregnancy (yes/no,
including drug addiction, alcoholism, schizophrenia, anorexia
nervosa, severe depression, or any other psychiatric disorder),
maternal family history of depression (neither, one, or both parents),
and smoking in pregnancy (smoked tobacco in either the ﬁrst 3
months or the last 2 weeks of pregnancy).
Data Analysis
The starting sample for these analyses included mothers who had
information on the latent classes of maternal depression symptoms
(N ¼ 10,559). Of the starting sample, 4,588 offspring had complete
data on suicide-related behavior at age 16 years (43%; 1,904 males
and 2,684 females; mean age ¼ 16.7 years, SD ¼ 0.2 years). Of these
individuals, 2,445 offspring also had complete data on symptoms of
psychopathology at age 15 years (Figure S1, available online). Given
that listwise deletion of families can increase sample bias,22 missing
data for offspring suicide-related behavior and psychopathology
and other covariates were imputed using multivariate imputation
by chained equations,23 which assumes that data are missing at
random (MAR; i.e., given the observed data included in the impu-
tation model, the missingness mechanism does not depend on the
unobserved data22). Missing data were found to be dependent on
several observed variables available for the full cohort at birth (listed
in Supplement 2, available online); therefore, these were included in
the imputation model to make the assumption of MAR as plausible
as possible. In addition, the imputation model included all variables
included in the analysis models, and a number of auxiliary variables
that were associated with offspring suicide-related behavior and
psychopathology.22 Further detail on the imputation procedure is
given in Supplement 2 and Table S3, available online. Main results
are presented for 4 different imputation approaches (full imputation,
N ¼ 10,559; imputation for those individuals sent questionnaires at
age 16, n ¼ 8,475; imputation for those with complete outcome data,
n ¼ 4,588; and complete case analysis, n ¼ 2,445).
Following multiple imputation, symptom counts were stan-
dardized to allow estimates to be comparable. Univariable logistic
and linear regression analyses were then performed, as appropriate,
to examine initial associations between variables. Next, a multiple
mediation model was run using structural equation modeling
(SEM) in Mplus to assess the effects of moderate or chronic-severe
maternal depression symptoms (with minimal class as the refer-
ence group) on offspring past-year suicidal ideation at age 16 years.
Models include both direct and indirect paths through offspring
symptoms of psychopathology at age 15 years and simultaneously
adjust for residual covariance between symptoms. A weighted
least-squares estimator was used because of its robustness in
analyzing both continuous and categorical measures in SEM.24
Results from path analyses with a categorical outcome (including
indirect effects) are presented as probit regression coefﬁcients.
Indirect effects were calculated using bias-corrected bootstrapping
with 500 replications. To examine whether the indirect effects
within the same model differed in strength, post-hoc Wald c2 tests
were used to test the assumption of equality between constrainedJOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 54 NUMBER 5 MAY 2015indirect effects. Secondary analyses examined offspring lifetime
suicide attempt as the outcome. Analyses were conducted using
Stata version 1325 and Mplus version 7.24RESULTS
Offspring Suicidal Ideation and Psychopathology. The num-
ber of adolescents who reported past-year suicidal ideation
at the age 16 years assessment was 672 of 4,588 (15%;
174 males and 498 females), and 272 of 5,613 children (5%;
144 males and 128 females) reported lifetime suicidal
ideation at age 11 years. The overall prevalence was very
similar in fully imputed models taking account of missing
data; the estimated prevalence for past-year suicidal idea-
tion at age 16 years was 15% (95% CI ¼ 14%17%; 11%
of males and 20% of females), and the estimated preva-
lence for lifetime suicidal ideation by age 11 years was 6%
(95% CI ¼ 5%6%; 6% of males and 5% of females).
Table S4 (available online) shows means, SDs, and corre-
lations between offspring symptoms of psychopathology at
age 15 years.
Associations Between Maternal Depression Classes, Offspring
Psychopathology, and Offspring Suicidal Ideation. In all, 29%
(95% CI ¼ 23%–35%) of offspring of mothers with chronic-
severe depression symptoms reported past-year suicidal
ideation at age 16 years, compared to 17% (95% CI ¼ 15%
18%) of offspring of mothers with moderate depression
symptoms and 12% (95% CI ¼ 10%13%) of mothers with
minimal symptoms over time. There was evidence for
increased risk of suicidal ideation in offspring of mothers
with chronic-severe depression symptoms (odds ratio
[OR] ¼ 3.04, 95% CI ¼ 2.19–4.21) and offspring of mothers
with moderate symptoms (OR ¼ 1.51, 95% CI ¼ 1.30–1.75) in
comparison to offspring of mothers with minimal symptoms
(Table 1). Table 1 also shows evidence of a positivewww.jaacap.org 387
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DBD, ADHD, and alcohol abuse at age 15 years and
offspring suicidal ideation at age 16 years.
Table S5 (available online) shows evidence for increased
risk of all symptoms of psychopathology at age 15 years
in offspring of mothers with chronic-severe depression
symptoms and offspring of mothers with moderate symp-
toms in comparison to offspring of mothers with minimal
symptoms.
Mediation of Effect of Maternal Depression Classes on
Offspring Suicidal Ideation. Next, a multiple mediation model
was run to assess the effects of the latent classes of maternal
depression symptoms (with minimal class as the reference
group) on subsequent offspring past-year suicidal ideation
(at age 16 years) both directly and indirectly through
offspring symptoms of psychopathology at age 15 years.
Figure 1 shows results from the structural model examining
the direct effect of maternal chronic-severe depression
symptoms on offspring suicidal ideation, and the indirect
effects through offspring symptoms of MDD, GAD, DBD,
ADHD, and alcohol abuse. There was evidence that
offspring of mothers with chronic-severe symptoms were
at increased risk for all symptom types compared to
offspring of mothers with minimal symptoms. Figure 1 also
shows evidence that offspring symptoms of MDD, GAD,
DBD, and alcohol abuse were independently associated with
offspring suicidal ideation. However, there was still evi-
dence of a direct effect of maternal chronic-severe depression
on offspring suicidal ideation not mediated through
offspring symptoms of psychopathology (probit coefﬁcient
[B] ¼ 0.36; 95% CI ¼ 0.17–0.55, p < .001).
Table 2 (model 1a) shows the unadjusted indirect effects
of maternal chronic-severe depression on offspring suicidalFIGURE 1 Structural model showing the direct effect of maternal
reference group) on offspring past-year suicidal ideation, and the i
disorder (MDD), generalized anxiety disorder (GAD), disruptive be
(ADHD), and alcohol abuse. Note: Residual covariance coefficients
MDD 
symptoms
GAD
symptoms
DBD
symptoms
ADHD
symptoms
Alcohol 
symptoms
Chronic-severe 
depression
**p≤0.01; ***p≤0.001 
Pregnancy to child 
age 11 years
Age 15 year
.38
***
.42**
*
.80***
.75***
.28***
388 www.jaacap.orgideation through offspring symptoms of MDD, GAD, DBD,
ADHD, and alcohol abuse. There was evidence of an
indirect effect through offspring symptoms of MDD
(B ¼ 0.10, 95% CI ¼ 0.06–0.15), GAD (B ¼ 0.06, 95%
CI ¼ 0.03–0.09), and DBD (B ¼ 0.11, 95% CI ¼ 0.06–0.16)
and weak evidence of an indirect effect via symptoms of
alcohol abuse (B ¼ 0.02, 95% CI ¼ 0.00–0.04). Table 2
(model 1b) shows that indirect effects via MDD, GAD,
and DBD symptoms were slightly attenuated, but strong
evidence of effects remained when adjusted for potential
confounders assessed in pregnancy. Post-hoc Wald c2 tests
were then performed to compare the strength of parameters
for the indirect effects with one another (again adjusting for
potential confounders). There were no differences in effect
sizes for the indirect effects via MDD, GAD, and DBD
symptoms (all p  .118); however, there was evidence that
the indirect effects via MDD, GAD, and DBD symptoms
were each stronger than the indirect effects through
symptoms of ADHD and alcohol abuse (all p  .037).
Findings were comparable across different imputation
samples (Table 2, models 2 and 3).
When using complete cases (Table 2, model 4), although
all indirect effects were weaker, conclusions were similar.
There was evidence again of an indirect effect through
offspring symptoms of GAD (B ¼ 0.04, 95% CI ¼ 0.01–0.10)
and DBD (B ¼ 0.10, 95% CI ¼ 0.05–0.18). However, there
was no longer evidence of an indirect effect through
offspring symptoms of MDD (B ¼ 0.03, 95% CI ¼ 0.03 to
0.08); this was due to a weaker association between maternal
chronic-severe depression and offspring symptoms of MDD
in complete case analyses (not shown).
The pattern of results was similar when examining indi-
rect effects of maternal moderate depression symptoms onchronic-severe depression symptoms (with minimal class as the
ndirect effects through offspring symptoms of major depressive
havior disorder (DBD), attention-deficit/hyperactivity disorder
not shown on diagram; imputed N ¼ 10,559.
Offspring suicidal 
ideation
s Age 16 years
.27***
.15***
.13***
-.03
.07
**
.36***
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PATHWAYS TO SUICIDE-RELATED BEHAVIOR IN OFFSPRING OF DEPRESSED MOTHERSoffspring suicidal ideation with evidence of an indirect effect
through offspring symptoms of MDD (B ¼ 0.05, 95%
CI ¼ 0.03–0.06), GAD (B ¼ 0.03, 95% CI ¼ 0.02–0.04), and
DBD (B ¼ 0.04, 95% CI ¼ 0.02–0.06) after adjusting for
confounders (Table S6, model 1b, available online). Findings
were again comparable across different imputation samples
(Table S6, models 2 and 3, available online) and when using
complete cases (Table S6, model 4, available online). Post-
hoc Wald c2 tests showed evidence that the indirect effects
via symptoms of MDD, GAD, and DBD were each stronger
for offspring of mothers with chronic-severe depression
symptoms compared to offspring of mothers with moderate
symptoms (all p  .034). Finally, when running all analyses
only among those who reported no suicidal ideation by age
11 years, conclusions remained the same (available on
request).
Secondary Analyses
Mediation of Effect of Maternal Depression Classes on Offspring
Lifetime Suicide Attempt. The number of adolescents who
reported lifetime suicide attempt at the age 16 years
assessment was 302 in 4,588 (7%; 61 males and 241 females).
The overall prevalence was similar in fully imputed models
taking account of missing data—the estimated prevalence
for lifetime suicide attempt was 8% (95% CI ¼ 7%9%; 5%
of males and 11% of females). Table 3 (model 1a) shows
evidence of an indirect effect of maternal chronic-severe
depression symptoms on offspring suicide attempt through
offspring symptoms of MDD (B ¼ 0.11, 95% CI ¼ 0.06–0.16),
GAD (B ¼ 0.07, 95% CI ¼ 0.03–0.11), DBD (B ¼ 0.11, 95%
CI ¼ 0.06–0.16), and ADHD (B ¼ 0.06, 95% CI ¼ 0.01–0.12)
and weak evidence of an indirect effect via symptoms of
alcohol abuse (B ¼ 0.02, 95% CI ¼ 0.00 to 0.03). There was
also evidence of a direct effect of maternal chronic-severe
symptoms on suicide attempt not mediated through
offspring symptoms of psychopathology (B ¼ 0.31, 95% CI ¼
0.10–0.52, p ¼ .003). Strong evidence of indirect effects via
MDD, GAD, DBD, and ADHD persisted after adjustment for
confounders (model 1b). Findings were comparable across
different imputation samples (models 2 and 3).
When using complete cases (Table 3, model 4), all
indirect effects were weaker. However, there was still
evidence of an indirect effect through offspring symptoms
of GAD (B ¼ 0.04, 95% CI ¼ 0.01–0.09) and DBD (B ¼ 0.07,
95% CI ¼ 0.02–0.15). There was only weak evidence of an
indirect effect via ADHD symptoms (B ¼ 0.03, 95%
CI ¼ 0.01–0.09), and again there was no longer evidence
of an indirect effect through offspring symptoms of MDD
(B ¼ 0.03, 95% CI ¼ 0.03 to 0.09) due to the weaker
association between maternal chronic-severe depression
and offspring symptoms of MDD in complete case
analyses.
Finally, analyses with offspring suicide attempt were
rerun only on the subsample of adolescents who had
reported lifetime suicidal ideation by age 16 years. In all,
31% of adolescents who reported suicidal ideation in their
lifetime also reported making a suicide attempt. Again, there
was evidence of an indirect effect of maternal chronic-severe
depression on offspring suicide attempt through offspringwww.jaacap.org 389
HAMMERTON et al.symptoms of ADHD (B ¼ 0.17, 95% CI ¼ 0.05–0.42)
(full results available on request).DISCUSSION
Children exposed to chronic and severe maternal depression
symptoms across childhood are at considerably increased
risk for suicidal ideation later in adolescence. This associa-
tion was in part explained by offspring proximal symptoms
of psychopathology. Importantly, however, there was still
evidence of a direct effect of maternal chronic-severe
depression not mediated by offspring proximal symptoms.
A further novel and important ﬁnding was that closer
examination of different aspects of psychiatric symptom-
atology showed that there were independent indirect effects
through offspring symptoms not only of MDD but also of
GAD and DBD after accounting for covariation of child
symptomatology and potential confounding factors. In
addition, the indirect effects through GAD and DBD symp-
toms were of equal importance to MDD symptoms in terms
of explaining the link between maternal depression and
adolescent suicidal ideation. This study found no evidence
of an indirect effect on offspring suicidal ideation through
offspring symptoms of ADHD or alcohol abuse over and
above other symptoms in the offspring and potential con-
founders. Although effect sizes were weaker, mechanisms
were similar for offspring of mothers with less severe levels
of depression symptoms, with evidence of an indirect effect
of maternal moderate depression symptoms on offspring
suicidal ideation via offspring symptoms of MDD, GAD,
and DBD after adjusting for potential confounders. Finally,
ﬁndings were similar when investigating indirect effects on
offspring suicide attempt in the whole sample, with the
exception of an independent indirect effect of maternal
depression on offspring suicide attempt via offspring
symptoms of ADHD.
Consistent with previous literature,12,13 this study found
evidence for a direct effect of maternal depression on
offspring suicidal ideation after accounting for offspring
psychopathology. However, this study extends prior
research by examining the relative importance of speciﬁc
aspects of offspring psychopathology in explaining the as-
sociation between maternal depression and subsequent
offspring suicidal ideation and suicide attempt in adoles-
cence. The results extend studies that have examined
whether the association is explained through offspring
depression symptoms10,11 or psychiatric disorder13 and
provides further evidence that mood, anxiety, and disrup-
tive behavior disorders are independently associated with
suicide-related behavior in adolescents after taking account
of the co-occurrence of offspring symptoms. This study
also adds to prior research by showing that the same
mechanisms are important for offspring of mothers with
subthreshold levels of depression symptoms over time.
Contrary to our expectation that the strongest indirect effect
would be through offspring MDD symptoms, there was no
evidence that the indirect effect via MDD symptoms was
stronger than via GAD or DBD symptoms. In the current
study, offspring symptoms of ADHD mediated the390 www.jaacap.orgassociation with offspring suicide attempt but not ideation.
Given that studies often combine ADHD with ODD and
conduct disorder,4,5 differential effects on suicidal ideation
and suicide attempt may be missed. Our ﬁndings indicate
that it may be more informative to examine ADHD sepa-
rately from other disruptive behavior disorders when
examining associations with suicide-related behavior. In
addition, it was only ADHD symptoms that were associated
with risk for suicide attempt among ideators. This supports
previous ﬁndings that indicate ADHD is associated with the
transition from ideation to attempt.6 It should be noted,
however, that the sample size used in this study to examine
risk for suicide attempt among ideators was small, given the
complexity of the analyses. Therefore, ﬁndings are pre-
liminary and require replication in larger samples. Previous
ﬁndings regarding offspring alcohol abuse have been
inconsistent. In this study, there was little evidence of an
indirect effect through offspring symptoms of alcohol abuse
for offspring suicidal ideation or attempt, mainly because of
a lack of association between maternal depression and
offspring symptoms of alcohol abuse after adjusting for
confounders.
It was beyond the scope of this study to examine why
maternal depression exerted an indirect effect on offspring
suicide-related behavior through offspring symptoms of
MDD, GAD, and DBD. Although mental health disorders
may lead to suicidal ideation because of the distress or
impairment that results from living with the disorder,26 this
would not explain the weaker indirect effect found for
symptoms of alcohol abuse or the differential effect of
ADHD on offspring suicidal ideation and suicide attempt.
Alternatively, it has been noted that the underlying mecha-
nisms linking internalizing symptoms and externalizing
symptoms to suicide-related behavior may differ.27 For
example, hopelessness may explain the effects of internal-
izing symptoms on suicide-related behavior,27 whereas
anger may be an important mechanism for the association
between DBD symptoms and suicidal ideation.28 In addi-
tion, previous literature has hypothesized that the link
between offspring ADHD and suicide attempt may be
explained by the impulsivity and related deﬁcits in executive
functioning that are characteristic of ADHD.29 These factors
would not necessarily index risk for suicidal thinking.
Future research should investigate what might explain the
indirect effects observed. In the current study, there was also
evidence for a direct effect of maternal depression on
offspring suicidal ideation and suicide attempt after
accounting for proximal offspring psychopathology. This
could be explained by the direct effect of exposure to
maternal depression; however, this “direct” path could also
be explained through other mediating pathways or by
offspring psychopathology at other ages or measurement
error in the assessment of symptoms at age 15 years.
The ﬁndings need to be considered in the light of several
limitations. First, offspring symptoms of DBD and ADHD
were parent reported, whereas MDD, GAD, and alcohol
abuse were self-reported. Therefore, shared-rater bias may
have affected associations between maternal depression and
offspring symptoms of ADHD and DBD or betweenJOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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PATHWAYS TO SUICIDE-RELATED BEHAVIOR IN OFFSPRING OF DEPRESSED MOTHERSsymptoms of MDD, GAD, and alcohol abuse and suicide-
related behavior. Second, as with most cohort studies,
there was selective attrition over time; however, potential
bias arising from missing data was dealt with using multiple
imputation, using a large amount of additional information
to make the assumption of missing-at-random as plausible
as possible.22 Findings from different imputation models
and from complete case analyses were mostly comparable.
However, it is important to note where differences were
found. First, there was only weak evidence of an indirect
effect on offspring suicide attempt via ADHD symptoms in
complete case analyses. However, the indirect effect via
ADHD symptoms was present in complete case analyses
when examining risk for offspring suicide attempt within
those who reported suicidal ideation. This ﬁnding therefore
strengthens the conclusion regarding the importance of
ADHD symptoms in predicting which offspring are most at
risk for making a suicide attempt. Second, in complete case
analyses, there was no evidence of an association between
maternal chronic-severe depression and offspring depres-
sion symptoms. Previous studies using the same sample
have reported that the association between maternal and
offspring depression may be underestimated in complete
case analyses because families in which both the mother and
the child are depressed are more likely to have missing
data.30 In addition, ﬁndings were comparable across each
imputation sample, and under the MAR assumption, made
more plausible by the variables used to predict missingness;
multiple imputation should help correct for biases that may
be present in complete case analyses.31 Third, in these ana-
lyses, although we adjusted for socio-demographic and fa-
milial measures, residual confounding by measurement
error in these variables or by other unmeasured character-
istics cannot be ruled out. Finally, although this study
allowed for the time-ordering of effects to be examined, it is
still important to consider the possibility of reverse causation
(i.e., young people’s suicide-related behavior may have
adverse effects on their own mental health and on maternal
depression symptom course32). However, when excluding
offspring who reported suicidal ideation by age 11 years,
conclusions remained unchanged.
In this population-based sample, adolescent suicidal
ideation and psychopathology were common in young
people exposed to sustained periods of maternal depres-
sion in childhood. Clinicians treating mothers with
ongoing depression symptoms should therefore consider
the likelihood of psychopathology and potential risk of
suicide-related behavior in offspring. Offspring proximal
symptoms of MDD, GAD, and DBD all independently
mediated the association between maternal chronic and
severe depression symptoms and subsequent offspring
suicide-related behavior. In addition, an indirect effect via
ADHD symptoms was found for suicide attempt but not
ideation. The same mechanisms were found to be impor-
tant when mothers experienced less severe but sustained
levels of depression symptoms over time. These results
highlight that suicide prevention efforts in offspring of
mothers with depression should be targeted not only at
adolescents with depression symptoms but also those withwww.jaacap.org 391
HAMMERTON et al.other forms of psychopathology, such as anxiety or
disruptive behavior symptoms. It is also important for
clinicians to consider that offspring of mothers with
depression may be at increased risk for making a suicide
attempt if they have symptoms of ADHD. Knowledge
about the unique contribution of different types of psy-
chiatric symptoms also helps inform understanding of the
mechanisms by which psychopathology might lead to
suicide-related behavior in adolescents. Given that
offspring proximal psychopathology did not completely
explain the association between maternal depression and
offspring suicide-related behavior in this study, future
research should examine other mechanisms that may help
to explain why offspring of mothers with depression are at
increased suicide risk. &Clinical Guidance
 It is important to consider the likelihood of
psychopathology and potential risk for suicide-related
behavior in offspring of mothers with ongoing depression
symptoms.
 Suicide prevention efforts in offspring of mothers with
depression should be targeted not only at adolescents with
depression symptoms but also those with other forms of
psychopathology, such as anxiety or disruptive behavior
symptoms.
 It is also important for clinicians to consider that offspring
of mothers with depression may be at increased risk for
making a suicide attempt if they have symptoms of ADHD.
JO
392 www.jaacap.orgAccepted February 13, 2015.
Ms. Hammerton, Profs. Zammit and Thapar, and Drs. Mahedy, Sellers, and
Collishaw are with the Institute of Psychological Medicine and Clinical Neu-
rosciences, Cardiff University, Cardiff, UK. Dr. Pearson and Prof. Zammit are
with the Centre for Academic Mental Health, University of Bristol, Bristol, UK.
The UK Medical Research Council (MRC) and the Wellcome Trust (grant ref:
092731) and the University of Bristol provide core support for the Avon
Longitudinal Study of Parents and Children (ALSPAC). This work has been
supported by a PhD stipend from the Neuroscience and Mental Health
Interdisciplinary Research Group (NNH-IRG) at Cardiff University.
Dr. Collishaw is supported by the Waterloo Foundation. Dr. Pearson is
supported by an Elizabeth Blackwell Institute Postdoctoral Fellowship funded
by the Wellcome Trust Institutional Award (097822/Z/11/ZR). The funders
had no further role in the study design, collection, analysis and interpretation
of data, writing of the report, or in the decision to submit the paper for
publication.
The authors are extremely grateful to all the families who took part in this
study, the midwives for their help with recruiting them, and the whole ALSPAC
team, which includes interviewers, computer and laboratory technicians,
clerical workers, research scientists, volunteers, managers, receptionists, and
nurses. This publication is the work of the authors, and Ms. Hammerton and
Dr. Collishaw will serve as guarantors for the contents of this paper.
Disclosure: Prof. Zammit has received research support from the UK MRC.
Dr. Mahedy has received research support from the Economic and Social
Research Council (ESRC). Dr. Sellers has received research support from the
UK MRC. Prof. Thapar has received research support from the UK MRC.
Dr. Collishaw has received research support from the ESRC and the UK MRC.
Dr. Pearson and Ms. Hammerton report no biomedical ﬁnancial interests or
potential conﬂicts of interest.
Correspondence to Gemma Hammerton, Child and Adolescent Psychiatry
Section, Institute of Psychological Medicine and Clinical Neurosciences,
School of Medicine, MRC Centre for Neuropsychiatric Genetics and
Genomics, Hadyn Ellis Building, Maindy Road, Cardiff, CF24 4HQ, UK;
e-mail: hammertongl@cf.ac.uk
0890-8567/$36.00/ª2015 American Academy of Child and Adolescent
Psychiatry. Published by Elsevier Inc. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
http://dx.doi.org/10.1016/j.jaac.2015.02.006REFERENCES
1. Bridge JA, Goldstein TR, Brent DA. Adolescent suicide and suicidal
behavior. J Child Psychol Psychiatry. 2006;47:372-394.
2. Low NCP, Dugas E, Constantin E, Karp I, Rodriguez D, O’Loughlin J.
The association between parental history of diagnosed mood/anxiety
disorders and psychiatric symptoms and disorders in young adult
offspring. BMC Psychiatry. 2012;12:188.
3. Goodman SH, Rouse MH, Connell AM, Broth MR, Hall CM, Heyward D.
Maternal depression and child psychopathology: a meta-analytic review.
Clin Child Fam Psychol Rev. 2011;14:1-27.
4. Verona E, Javdani S. Dimensions of adolescent psychopathology
and relationships to suicide risk indicators. J Youth Adolesc. 2011;40:
958-971.
5. Gould MS, King R, Greenwald S, et al. Psychopathology associated with
suicidal ideation and attempts among children and adolescents. J Am
Acad Child Adolesc Psychiatry. 1998;37:915-923.
6. Nock MK, Green JG, Hwang I, et al. Prevalence, correlates, and treatment
of lifetime suicidal behavior among adolescents: results from the National
Comorbidity Survey Replication Adolescent Supplement. JAMA Psy-
chiatry. 2013;1-11.
7. Boden JM, Fergusson DM, Horwood LJ. Anxiety disorders and suicidal
behaviours in adolescence and young adulthood: ﬁndings from a longi-
tudinal study. Psychol Med. 2007;37:431-440.
8. Caron C, Rutter M. Comorbidity in child psychopathology: concepts, is-
sues and research strategies. J Child Psychol Psychiatry. 1991;32:1063-1080.
9. Cavanagh JTO, Carson AJ, Sharpe M, Lawrie SM. Psychological au-
topsy studies of suicide: a systematic review. Psychol Med. 2003;33:
395-405.10. Kerr DC, Owen LD, Capaldi DM. Suicidal ideation and its recurrence in
boys and men from early adolescence to early adulthood: an event
history analysis. J Abnorm Psychol. 2008;117:625-636.
11. Wilcox HC, Arria AM, Caldeira KM, Vincent KB, Pinchevsky GM,
O’Grady KE. Prevalence and predictors of persistent suicide ideation,
plans, and attempts during college. J Affect Disord. 2010;127:287-294.
12. Mittendorfer-Rutz E, Rasmussen F, Wasserman D. Familial clustering of
suicidal behaviour and psychopathology in young suicide attempters. A
register-based nested case control study. Soc Psychiatry Psychiatr Epi-
demiol. 2008;43:28-36.
13. Gureje O, Oladeji B, Hwang I, et al. Parental psychopathology and the
risk of suicidal behavior in their offspring: results from the World Mental
Health surveys. Mol Psychiatry. 2011;16:1221-1233.
14. Stein A, Pearson R, Goodman S. Effects of perinatal mental disorders on
the fetus and child. Lancet. 2014;384:1800-1819.
15. Boyd A, Golding J, Macleod J, et al. Cohort Proﬁle: the “children of the
90s”—the index offspring of the Avon Longitudinal Study of Parents and
Children. Int J Epidemiol. 2013;42:111-127.
16. Fraser A, Macdonald-Wallis C, Tilling K, et al. Cohort proﬁle: the Avon
Longitudinal Study of Parents and Children: ALSPAC mothers cohort.
Int J Epidemiol. 2013;42:97-110.
17. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression.
Development of the 10-item Edinburgh Postnatal Depression Scale. Br J
Psychiatry. 1987;150:782-786.
18. Kidger J, Heron J, Lewis G, Evans J, Gunnell D. Adolescent self-harm and
suicidal thoughts in the ALSPAC cohort: a self-report survey in England.
BMC Psychiatry. 2012;12:69.URNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 54 NUMBER 5 MAY 2015
PATHWAYS TO SUICIDE-RELATED BEHAVIOR IN OFFSPRING OF DEPRESSED MOTHERS19. Goodman R, Ford T, Richards H, Gatward R, Meltzer H. The Develop-
ment and Well-Being Assessment: description and initial validation of an
integrated assessment of child and adolescent psychopathology. J Child
Psychol Psychiatry. 2000;41:645-655.
20. Johnson JG, Cohen P, Gould MS, Kasen S, Brown J, Brook JS. Childhood
adversities, interpersonal difﬁculties, and risk for suicide attempts during
late adolescence and early adulthood. Arch Gen Psychiatry. 2002;59:
741-749.
21. Skipstein A, Janson H, Stoolmiller M, Mathiesen KS. Trajectories of
maternal symptoms of anxiety and depression. A 13-year longitudi-
nal study of a population-based sample. BMC Public Health. 2010;
10:589.
22. White IR, Royston P, Wood AM. Multiple imputation using chained
equations: issues and guidance for practice. Stat Med. 2011;30:
377-399.
23. Van Buuren S, Oudshoom C. MICE: Multivariate Imputation by Chained
Equations (S software for missing data imputation). Leiden, the
Netherlands; 2000.
24. Muthen LK, Muthen BO. Mplus User’s Guide. Fourth ed. Muthen and
Muthen; Los Angeles.
25. StataCorp. Stata Statistical Software: release 13. College Station, TX:
StataCorp; 2013.JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 54 NUMBER 5 MAY 201526. Nock MK, Hwang I, Sampson NA, Kessler RC. Mental disorders, co-
morbidity and suicidal behavior: results from the National Comorbidity
Survey Replication. Mol Psychiatry. 2010;15:868-876.
27. Verona E, Sachs-Ericsson N, Joiner TE. Suicide attempts associated with
externalizing psychopathology in an epidemiological sample. Am J
Psychiatry. 2004;161:444-451.
28. Jang JM, Park JI, Oh KY, et al. Predictors of suicidal ideation in a com-
munity sample: roles of anger, self-esteem, and depression. Psychiatry
Res. 2014;216:74-81.
29. Goldston D, Daniel S. Psychiatric diagnoses as contemporaneous risk
factors for suicide attempts among adolescents and young adults:
developmental changes. J Consult. 2009;77:281-290.
30. Pearson RM, Evans J, Kounali D, et al. Maternal depression during
pregnancy and the postnatal period: risks and possible mechanisms
for offspring depression at 18 years. JAMA Psychiatry. 2014;70:1312-1319.
31. Sterne J, White I, Carlin J, et al. Multiple imputation for missing data in
epidemiological and clinical research: potential and pitfalls. BMJ. 2009;
339:157-160.
32. Algorta GP, Youngstrom EA, Frazier TW, Freeman AJ, Youngstrom JK,
Findling RL. Suicidality in pediatric bipolar disorder: predictor or
outcome of family processes and mixed mood presentation? Bipolar
Disord. 2011;13:76-86.www.jaacap.org 393
